Target identification is one of the main goals for processing echoes returned by various underwater structures. The conventional way to process sonar echoes is to analyze them in the frequency domain or in the time domain. A third, more recent and seemingly more advantageous way is to use schemes in the combined time-frequency domain. We show the effect of using a pseudo-Wigner distribution (PWD) for processing bistatically scattered echoes from simple~gets when these are insonified by short pulses that an 'impulse sonar' could be designed to send and receive. For details of scattering theory and time-frequency processing of broadband, scattered pulses we refer to Refs. [1, 2] and references therein.
THEORETICAL BACKROUND
Target identification is one of the main goals for processing echoes returned by various underwater structures. The conventional way to process sonar echoes is to analyze them in the frequency domain or in the time domain. A third, more recent and seemingly more advantageous way is to use schemes in the combined time-frequency domain. We show the effect of using a pseudo-Wigner distribution (PWD) for processing bistatically scattered echoes from simple~gets when these are insonified by short pulses that an 'impulse sonar' could be designed to send and receive. For details of scattering theory and time-frequency processing of broadband, scattered pulses we refer to Refs. [1, 2] and references therein.
BISTATIC SONAR CROSS-SECTION AND TIME-FREQUENCY SIGNATURES
For a target submerged in water we compute the bistatic sonar cross-section (SCS) as a function of the nondimensional frequency kla = (O / c1)a and the scattering angle O. The target is either a solid steel sphere or an air-filled spherical steel shell with a relative shell thickness of h/~2.5~0. These bistatic (normalized) cross-sections, displayed in Figs. I and 2 (top plots), are represented in shades of gray (pseudocolors) graded from black (0) to white (6 and higher levels). The direction of wave incidence is always from the Iefi (i.e., e = 180°) of the plots. The nondimensional frequency scale is displayed in the radial direction and it rages from O at the center to 50 at the outermost circle shown. Cross-section levels considerably higher than 6 occur in the forward scattering direction (i.e., 6 = 0°) for both targets. However, the forward-scattered power is usually 180°out of phase with the incident field, and forms, when added to the incident field, a shadow region behind the scattering object. We note that for both targets there occur prominent features in the SCS close to the backscattering direction that seem to be absent in other directions. In these other directions we also note a slight dependence of the SCS features on the scattering angle.
To better appreciate the qualitative differences between backscattered echoes and echoes scattered in other directions we investigate each target's response to short pulse incidence, in this case an approximation of a shock-wave pulse emerging from the explosion of an underwater charge, namely: p,nC(t) = p. exp(-z / 0), where 0 = 0.15 in the nondimensional time units. The lateral grid planes in Figs. 1 and 2 (middle and bottom plots) display respectively the waveform of the tirget response and its spectrum together with the spectrum of the incident shock-wave pulse (dashed curve). The time-frequency response is in each case generated by a PWD, which is displayed as a 3-D surface plot using progressively lighter shades of gray determined by the height of the surface. That surface plot is also projected on a timefiequency plane to produce a 2-D intensity image plot. AS can be seen from the middle plot of Figs. I and 2, the PWD of the backscattered echo from these targets can be used to effortlessly distinguish between them. When the scattering angle is 90°, however, the corresponding PWDS (bottom plots) for these simple-shaped targets do not reveal any particularly distinguishing signature features, The large initial feature that can be seen in all PWDS shown is generated by the specular return, and its shape is mainly that of the PWD of the incident shock-wave pulse.
DISCUSSION
We have computed and displayed the bistatic sonar cross-section as a function of scattering angle and frequency for two targets. From the obtained results we have noted that there is a qualitative difference between the SCS close to the backscattering direction and away from it. Backscattered echoes seem to convey more detailed information about the material composition of the target than do the echoes scattered in directions away from the backscattering direction. This is also confirmed by the analyses performed in the combined time-frequency domain using a suitable PWD.
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